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  P4	
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  (height,	
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  watertable:	
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4)  Satellite	
  data	
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  images	
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•  Energy	
  balance:	
  3	
  sources	
  
	
  
	
  
•  Rn	
  and	
  G:	
  F(relaRve	
  area)	
  
•  ET:	
  Penman-­‐Monteith	
  eqs.	
  3	
  sources	
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  F(total	
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Formula$on	
  for	
  total	
  evapotranspira$on	
  

•  Some	
  errors	
  in	
  literature:	
  layer	
  v/s	
  patch	
  approach	
  

•  Foliage	
  characterisRcs	
  	
  

•  ClimaRc	
  demand	
  (λEp)	
  

•  Pi	
  resistance	
  combinaRons	
  

•  Generalized	
  to	
  n	
  exchanging	
  sources	
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Stomatal	
  distribu$on	
  
•  Hypo-­‐	
  v/s	
  amphistomaRc	
  foliage	
  
•  Different	
  formulaRons	
  

Example	
  2-­‐source	
  model:	
  PM	
  equaRons	
  applied	
  to	
  foliage	
  (f)	
  and	
  soil	
  (s)	
  

	
  
	
  
	
  
	
  
	
  
n	
  =	
  1	
  amphistomaRc	
  	
  
n	
  =	
  2	
  hypostomaRc	
  	
  
	
  
	
  

BLM,	
  2013	
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Case	
  of	
  vines	
  

•  HypostomaRque	
  foliage	
  considered	
  as	
  amphistomaRc	
  

•  RelaRve	
  error	
  of	
  ~10%	
  for	
  LAI	
  ≈	
  3	
  m2	
  m-­‐2	
  

Numerical	
  simula$on	
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ET	
  model	
  coupled	
  with	
  soil	
  module	
  	
  
•  Three	
  reservoirs:	
  

•  Bare	
  soil	
  (1)	
  
•  Grass	
  cover	
  (2)	
  
•  Deep	
  soil	
  (3)	
  
	
  

•  Vine	
  roots:	
  reservoir	
  (2)	
  and	
  (3)	
  
•  InfiltraRon	
  F(rainfall),	
  neglecRng	
  runoff	
  
•  Drainage:	
  excess	
  relaRve	
  to	
  retenRon	
  capacity	
  
•  Capillary	
  rise:	
  Darcy’s	
  law	
  
	
  
Dynamic	
  water	
  balance:	
  daily	
  $me-­‐step	
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Stochastic and multi-objective methods 

 
Multi-objective calibration procedure MCIP: (Demarty et al., WWR, 2003) 

(iterative sensitivity analysis) 
 

Parameters Variables of interest 

MODEL 
Y1(t,θ) 
Y2(t ,θ) 
... 
Yj(t ,θ) 

Observations 

O1(t) 
O2(t) 
… 
Oj(t) 

Comparison X =  

Site	
  scale	
  calibraRon:	
  approach	
  

θ1 
θ2 

… 
θk 

Optimization 

problem 
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θ1,min θ1,max 

- Random samplig of k model parameters 

Parameter space 

θ2,min θ2,max 

θk,min θk,max 

N parameter set Xi= {θ1
i, θ2

i,.., θk
i } ;  i =1,…,N  

� 
Site	
  scale	
  calibraRon:	
  approach	
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- Random samplig of k model parameters 

- N simulations generation 
Stochastic approach 

Parameter space 

θ1,min θ1,max 

θ2,min θ2,max 

θk,min θk,max 

N Monte Carlo simulations 

� 
� 

Site	
  scale	
  calibraRon:	
  approach	
  

Model 
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- Random samplig of k model parameters 

- N simulations generation 

- Performance evaluation (objective functions) 

� 
� 
� 

Simulations 

RMSE2 

RMSE1 

• 

• 

• 

• 

• 
• 

• • 

• 

• 

• 

• 

• 

• • 

• 

• 

• 

• 

• 
• 

• 

• 

• 

• 

• 
• 

• 

• 

• 

• 

• 

• 

• • 

• 

• 

• 

• 

• 

• 

• 
• 

• 

 • 

• 

• 

• 

• 

• 

• 

• • 
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• 

• 

• • • 

• • 

• 

• 

• 

• 

• 
• 

• 

Criteria space 
(example for 2 RMSE) 

Site	
  scale	
  calibraRon:	
  approach	
  

Parameter space 

θ1,min θ1,max 

θ2,min θ2,max 

θk,min θk,max 

Model 
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- Random samplig of k model parameters 

- N simulations generation 

- Performance evaluation (objective functions) 

-  Selection of "best" simulations 
 è Thresholding + Pareto solution 

Multi-objectif approach 

� 
� 
� 
� 

• • 

RMSE2 
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• 
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• 

• 
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• • 
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• 

• 

• 

• 

• • 

• 

• 

• 

• 

• 
• 

• 

• 

• 

• 

• 
• 

• 

• 

• 

• 

• 

• 

• • 

• 

• 

• 

• 

• 

• • 
• 

• 

 • 

• 

• 

• 

• 

• 

• 

• • 

• 

• 

• 

• • • 

• • 

• 
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• 

• 

• 
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• 

Criteria space 
(example for 2 RMSE) 

• • 

Threshold 2 

Simulations 

Threshold 1 
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• 

• 
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• 

• 
• 

• 

• 

• 

• 

• 

• 

• 

• 
• 

• • • 

• • 

• 

• 
• • 

• 

• 

Parameter space 

- Random samplig of k model parameters 

- N simulations generation 

- Performance evaluation (objective functions) 

- Selection of "best" simulations 

- Reduction of uncertainty intervals of parameters 

� 

� 

� 
� 
� 

Iterative process  

θ1,min θ1,max 

θ2,min θ2,max 

θk,min θk,max 
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  scale	
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Criteria space 
(example for 2 RMSE) 
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- Random samplig of k model parameters 

- N simulations generation 

- Performance evaluation (objective functions) 

- Selection of "best" simulations 

- Reduction of uncertainty intervals of parameters 
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RMSE2 

RMSE1 
• • 

• 
• 

• 
• 

• • • 

• 

• 
• 
• 

• • 

• 
• 

• 

• 

• 

• • 
• • • 
• 
• 

• 
• • 
• • 

• 
• 

• 

• 
• • 
• 

• 

• 
• 

• • 
• 

• 

• 

• • • 
• 
• • 
• 
• • • 

• 

• • 

• 
• 

• 

• 
• 

Parameter space Criteria space 
(example for 2 RMSE) 

θ1,min θ1,max 

θ2,min θ2,max 

θk,min θk,max 

ΔRMSE2 

ΔRMSE1 

Iterative process  

Site	
  scale	
  calibraRon:	
  approach	
  

24	
  

Model 



Introduc$on	
   Approach	
   Model	
  
development	
  

Site	
  
simula$ons	
  

Mul$-­‐site	
  
simula$ons	
  

Conclusions	
  	
  
and	
  perspec$ves	
  

Site	
  scale	
  calibraRon:	
  approach	
  

Parameter	
  space	
  

10x2.000	
  simulaRons	
  

Error	
  convergence	
  ET	
   SWC	
  

25	
  



Introduc$on	
   Approach	
   Model	
  
development	
  

Site	
  
simula$ons	
  

Mul$-­‐site	
  
simula$ons	
  

Conclusions	
  	
  
and	
  perspec$ves	
  

Site	
  scale	
  calibraRon:	
  approach	
  

Parameter	
  space	
  

10x2.000	
  simulaRons	
  

Example	
  parameter	
  evoluRon	
  

26	
  



Model	
  results:	
  site	
  simulaRons	
  

27	
  

1)	
  CalibraRon	
  of	
  vegetaRon/atmosphere	
  module	
  
•  EvapotranspiraRon	
  (Eddy	
  Covariance)	
  
•  Hourly	
  Rme-­‐step	
  

2)	
  Coupled	
  calibraRon:	
  ET	
  and	
  SWC	
  
•  Prescribed	
  soil	
  parameters	
  (local	
  measurements)	
  
•  Daily	
  Rme-­‐step	
  
•  ValidaRon:	
  evapotranspiraRon	
  and	
  soil	
  moisture	
  

3)	
  Coupled	
  calibraRon:	
  ET	
  and	
  SWC	
  
•  VegetaRon	
  and	
  soil	
  parameters	
  
•  Daily	
  Rme-­‐step	
  
•  ValidaRon:	
  evapotranspiraRon	
  and	
  soil	
  moisture	
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VegetaRon/atmosphere	
  module:	
  ET	
  daily	
  cycle	
  
•  RMSE	
  =	
  14	
  W	
  m−2	
  	
  =	
  0.5	
  mm	
  d−1	
  

•  Bias	
  	
  	
  =	
  1.1	
  W	
  m−2	
  =	
  0.04	
  mm	
  d−1	
  
	
  à	
  Low	
  residual	
  error	
  

Coupled	
  simulaRon	
  
•  ET	
  RMSE	
  =	
  0.43	
  mm	
  d−1	
  

•  SWC	
  RMSE	
  =	
  7	
  mm	
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ResRtuRon	
  of	
  seasonal/interannual	
  dynamics	
  
Low	
  residual	
  error	
  

ET	
  RMSE	
  0.26	
  mm	
  d−1	
  

	
  
	
  
	
  
	
  
SWC	
  RMSE	
  0.005	
  m3	
  m−3	
  

Model	
  results:	
  site	
  simulaRons	
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development	
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Coupled	
  calibraRon:	
  VegetaRon	
  and	
  soil	
  parameters	
  
•  Daily	
  Rme-­‐step	
  
•  EvapotranspiraRon	
  and	
  soil	
  moisture	
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1st	
  itera$on	
  

High	
  sensiRvity:	
  
•  gx,f	
  :	
  maximal	
  stomatal	
  conductance	
  
•  Kf2	
  :	
  stomatal	
  conductance	
  (VPD)	
  
•  A1	
  :	
  bare	
  soil	
  resistance	
  
•  θfc,3	
  :	
  deep	
  soil	
  field	
  capacity	
  
•  θwp,3	
  :	
  deep	
  soil	
  wilRng	
  point	
  
•  θini,3	
  :	
  deep	
  soil	
  iniRal	
  SWC	
  

Medium	
  sensiRvity	
  
•  Kf1	
  :	
  stomatal	
  conductance	
  	
  (PAR)	
  
•  Kf3	
  :	
  stomatal	
  conductance	
  (SWC)	
  
•  pf	
  :	
  stone	
  content	
  

Rela$ve	
  sensi$vity	
  to	
  each	
  parameter	
  (29)	
  

Introduc$on	
   Approach	
   Model	
  
development	
  

Site	
  
simula$ons	
  

Mul$-­‐site	
  
simula$ons	
  

Conclusions	
  	
  
and	
  perspec$ves	
  

Medium	
  

Low	
  

High	
  	
  



Approach	
  

31	
  Introduc$on	
   Approach	
   Model	
  
development	
  

Site	
  
simula$ons	
  

Mul$-­‐site	
  
simula$ons	
  

Conclusions	
  	
  
and	
  perspec$ves	
  

Regional	
  extension	
  
3	
  

QuesRon	
  4:	
  spaRal	
  extent	
  
by	
  remote	
  sensing	
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Plot	
  scale	
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Evapo-­‐	
  
transpiraRon	
  

Satellite	
  	
  
reflectance	
  

Satellite	
  	
  
surface	
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Model	
  calibraRon	
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  sensing	
  

MCIP	
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Remote	
  sensing	
  ET:	
  approach	
  

-­‐	
  	
  	
  	
  Thermal	
  remote	
  sensing	
  (TIR)	
  
-­‐  Surface	
  radiaRve	
  temperature	
  Ts	
  associated	
  with	
  surface	
  water	
  condiRons	
  	
  
-­‐  Energy	
  balance:	
  Ts	
  equilibrium	
  term	
  
	
  

S-­‐SEBI:	
  Simplified	
  Surface	
  Energy	
  Balance	
  Index	
  (Roerink	
  et	
  al.,	
  2000)	
  

EvaporaRve	
  fracRon	
  

Daily	
  ET	
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1)  S-­‐SEBI	
  validaRon	
  for	
  ASTER	
  imagery	
  against	
  HYDRUS	
  model	
  à	
  RMSE	
  0.83	
  mm	
  d-­‐1	
  for	
  all	
  sites	
  

2)  S-­‐SEBI	
  Landsat?	
  Lower	
  radiometric	
  quality/higher	
  data	
  availability	
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P6	
  

P2	
  
P3	
  

P4	
  

P5	
  

P1	
  

Neutron	
  
probes	
  

•  Forcing	
  
•  Meteorological	
  (interpolated	
  rainfall)	
  
•  LAI	
  
•  Watertable	
  

•  Model	
  calibraRon	
  2007	
  –	
  2008	
  (450	
  days)	
  
•  10	
  parameters	
  soil	
  /	
  vegetaRon	
  
•  16	
  parameters	
  vegetaRon/	
  atmosphere	
  
•  3	
  iniRal	
  condiRons	
  

•  CalibraRon	
  method	
  :	
  MCIP	
  
•  Remote	
  sensing	
  ET	
  +	
  SWC	
  

•  Comparison	
  of	
  Landsat	
  and	
  ASTER	
  performance	
  
•  Model	
  parameters	
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ET	
  and	
  SWC	
  for	
  2	
  contrasRng	
  sites	
  	
  
in	
  terms	
  of	
  soil	
  water	
  content	
  

Overall	
  6	
  sites	
  

ASTER	
  
ET	
  RRMSE	
  25%	
  
SWC	
  RRMSE	
  5%	
  
	
  
Landsat	
  
ET	
  RRMSE	
  65%	
  
SWC	
  RRMSE	
  6%	
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Sources	
  of	
  uncertainty	
  

Landsat	
  period:	
  
-­‐  Spring	
  semi-­‐cloudy	
  days:	
  filtering	
  
-­‐  Time	
  distribuRon:	
  surface	
  properRes	
  

-­‐  Higher	
  complexity	
  

Watertable	
  presence	
  
-­‐  Capillary	
  rise	
  parameterizaRon?	
  
-­‐  Impacts	
  on	
  ET	
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Parameter	
  comparison	
  

“High”	
  sensiRvity	
  parameters	
  

Parameter	
  

Similar	
  values	
  
rfmin	
  :	
  min.	
  stomatal	
  resistance	
  
A1	
  :	
  bare	
  soil	
  resistance	
  

Different	
  values	
  
Kf2	
  :	
  stomatal	
  conductance	
  (VPD):	
  simulaRon	
  periods	
  
θf,,wp:	
  deep	
  soil	
  wilRng	
  point:	
  2	
  different	
  sites	
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“Op$mal”	
  parameters	
  are	
  case	
  dependent	
  (equifinality)	
  
Some	
  degree	
  of	
  correspondence	
  between	
  sites	
  and	
  parameters	
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General	
  conclusions	
  	
  

•  Preliminary	
  results:	
  
•  SimulaRon	
  playorm	
  for	
  agricultural	
  watersheds	
  	
  

•  Obtaining	
  interannual	
  simulaRons	
  (450	
  days)	
  	
  
•  Interannual	
  dynamics	
  

•  Parsimonious	
  model	
  with	
  MOGSA	
  /	
  MCIP	
  	
  
•  ResRtuRon	
  of	
  local	
  process	
  
•  Possibility	
  of	
  obtaining	
  parameters	
  at	
  the	
  plot	
  scale	
  
•  Watertable	
  during	
  winter	
  -­‐>	
  model	
  not	
  suitable	
  

•  MulR-­‐site	
  approach	
  possible	
  with	
  limitaRons	
  
•  Use	
  of	
  in-­‐situ	
  measurements	
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General	
  conclusions	
  	
  

Further	
  research	
  
	
  
•  Review	
  local	
  calibraRon	
  

•  Different	
  phenological	
  stages	
  	
  
•  Soil	
  moisture	
  of	
  first	
  soil	
  layer	
  (instead	
  0-­‐2	
  m)	
  
•  Available	
  by	
  high	
  spaRal	
  resoluRon	
  radar	
  
•  Data	
  assimilaRon:	
  surface	
  and	
  deep	
  SWC	
  
	
  

•  Analysis	
  of	
  calibraRon	
  results	
  
•  Parameter	
  values	
  according	
  to	
  pedology	
  
•  Comparing	
  with	
  literature	
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PerspecRves	
  

SpaRal	
  dimension	
  
•  6	
  experimental	
  plots	
  à	
  agricultural	
  surface	
  à	
  watershed	
  
	
  
Time	
  dimension	
  
•  Satellite	
  missions	
  e.g.	
  CNES/NASA	
  THIRSTY	
  mission:	
  calibraRon	
  considering	
  

different	
  Rme-­‐steps	
  

Synergy	
  with	
  digital	
  soil	
  mapping	
  
•  Comparison	
  of	
  esRmated	
  parameters	
  
•  Joint	
  use	
  for	
  calibraRon	
  for	
  patches	
  

Coupling	
  with	
  other	
  processes	
  
•  Hydrological	
  modeling:	
  taking	
  into	
  account	
  lateral	
  transfers	
  and	
  watertable	
  
•  VegetaRon	
  modeling	
  :	
  dynamics,	
  processes	
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